Summary: This paper investigates causal relationships and short-term interaction mechanisms among six Central and Eastern European stock markets and the USA stock exchange, while paying special consideration to the effects of the 2007-2009 global financial crisis. We employ daily observations for the six CEE stock indexes and also for the US market covering the period January 2006-March 2009, which is subsequently divided into two sub-periods corresponding to the pre-crisis and crisis period. The study reveals that the relationships among CEE stock markets are time varying. While before the crisis stock market linkages are limited, we find that during crisis these interactions become significantly stronger. Our results further suggest that the potential for diversifying risk by investing in different CEE markets is limited during financial turmoil. Other findings reveal the leading role of the Russian market in the CEE region before the crisis. Also, before the crisis CEE markets were significantly influenced by innovations in the USA market, thus explaining why they were affected heavily by the crisis, which has managed to spread immediately in the region.
The concept of financial market integration is central to the international finance literature and it is well accepted that integration of financial markets is fundamentally linked to economic growth through risk sharing benefits, improvements in allocation efficiency, and reductions in macroeconomic volatility (see Marco Pagano 1993) .
International integration, which is supposed to produce benefits in terms of capital attraction, better allocation of funds, and higher reliability constitutes the next step of stock market development. However, the process of integration has mixed effects; on one hand determining a diminution of risk-premium resulting in lower cost of capital for the local businesses, evidenced by Rene Stulz (1999) , but on the other hand increasing the vulnerability to international shocks due to higher levels of correlations with the foreign markets. The latter effect is evidenced by many research papers in the field of contagion, with methods that developed after the Asian crisis PANOECONOMICUS, 2011, 4, pp. 525-543 likely to be imperative, especially in an emerging-market context and, therefore, may allow us to obtain more robust conclusions.
The remainder of the study is organized as follows: Section 1 presents the related literature. Section 2 describes the data and Section 3 defines the methods to be used in the empirical investigation. In Section 4, we present and analyze the estimation results. Finally, Section 5 summarizes the main findings of the paper, draws conclusions and suggests future related research.
Literature Review
Many empirical studies in the financial literature report substantial evidence of interdependency among world financial markets both in the short and the long run. Eun and Shim (1989) found a substantial amount of multi-lateral interaction among the nine largest stock markets in the world (Australia, Canada, France, Germany, Hong Kong, Japan, Switzerland, the United Kingdom and the United States). In particular, they documented that shocks in the US market have the most important impact on the other national markets included in the study. Hamao, Masulis, and Ng (1990) investigate the price and volatility spillovers in three major stock markets (New York, Tokyo, and London) and documented evidence for spillover effects from New York to Tokyo and London, and from London to Tokyo, but not from Tokyo to either to New York or London. Geoffrey G. Booth, Teppo Martikainen, and Yiuman Tse (1997) show that the Scandinavian stock markets exhibit interdependencies both in term of price and volatility transmission. Abul M. Masih and Rumi Masih (2001) study both Asian markets and developed countries of the OECD and find evidence of interdependency among the two categories of markets. They also attest that the markets of the USA and Britain have a dominant role both in the short and the long-run.
Francis In et al. (2001) examine dynamic interdependence, volatility transmission, and market integration across Asian stock markets during the Asian financial crisis periods 1997 and 1998. They employ a vector autoregressive-exponential generalized autoregressive conditional heteroskedasticity (VAR-EGARCH) model and report that reciprocal volatility transmission existed between Hong Kong and Korea, and unidirectional volatility transmission from Korea to Thailand.
Gaston R. Gelos and Ratna Sahay (2001) examine financial market comovements across European transition economies and observe that the pattern of highfrequency spillovers during the Russian crisis looks very similar to that observed in other regions during turbulent times. Caroline Van Rijckeghem and Beatrice Weder (2001) investigate whether is it bank lending or trade linkages and country characteristics that help explain contagion, and find evidence in favor of a common lender effect in the Mexican, Thai, and Russian crises, after controlling for the degree of trade competition and macroeconomic fundamentals. Elna Pretorius (2002) empirically estimates cross-section and time-series models to determine the fundamental factors that influence the correlation and evolution of the correlation between emerging stock markets. Chen Gong-meng, Michael Firth, and Oliver Meng Rui (2002) investigate stock market linkages in Latin America and report that there is cointegration among the analyzed markets (Βrazil, Mexico, Chile, Αrgentina, Κοlombia, and Venezuela) up to 1999, but the relationship is no longer significant thereafter. PANOECONOMICUS, 2011, 4, pp. 525-543 David A. Bessler and Jian Yang (2003) investigate the dynamic structure of nine major stock markets using an error correction model and directed acyclic graphs (DAG) and report that the US market is highly influenced by its own historical innovations, but it is also influenced by market innovations from the UK, Switzerland, Hong Kong, France and Germany. They also show that US market is the only market that has a consistently strong impact on price movements in other major stock markets in the long run. Michalis Glezakos, Anna Merika, and Haralambos Kaligosfiris (2007) examine, through Cointegration tests, the short and long run relationships between major world financial markets, with particular attention to the Greek stock exchange, and confirm the dominance of the USA financial market and the strong influence of DAX and FTSE on all other markets of the sample.
Lillian Cheung, Laurence Fung, and Chi-Sang Tam (2008) employ the dynamic conditional correlation and the spillover index in order to assess the interdependence between equity markets in the EMEAP region and the US, and across the EMEAP markets. They show that equity market interdependence has increased steadily since early 2006, and rose sharply following the collapse of the Lehman Brothers in September 2008. Giorgio De Santis and Selahattin Imrohoroglu (1997) study the dynamics of expected stock returns and volatility in emerging financial markets and find clustering, predictability, and persistence in conditional volatility. Rakesh Kumar and Raj S. Dhankar (2010) analyzed correlations between South Asian stock markets (India, Sri Lanka, Pakistan, and Bangladesh) and reported weak interdependency between these markets and global stock markets.
Very recently, Sergey K. Aityan, Alexey K. Ivanov-Schitz, and Sergey S. Izotov (2010) used the time-shift asymmetric correlation analysis method for stock exchanges with different but non-overlapping trading hours to analyze the degree of global integration between stock markets of different countries and their influence on each other. They compute next-day correlation (NDC) and same-day correlation (SDC) coefficients and analyze interrelations between major U.S. and Asia-Pacific stock market indices. Results show that most NDCs are statistically significant while most SDCs are insignificant, that NDCs grow over time and the U.S. stock market plays a pace making role for the Asia-Pacific region. Huyghebaert and Wang (2010) examine the integration and causality of interdependencies among seven major East Asian stock exchanges before, during, and after the 1997-1998 Asian financial crisis and reveal that the relationships among East Asian stock markets are time varying and change as a result of the crisis, while the USA plays a determinant role in all periods.
As mentioned above, many authors have been particularly preoccupied with studying the interdependencies among Central and Eastern European markets. Patricia L. Chelley-Steeley (2008) investigates the extent to which the equity markets of Hungary, Poland, the Czech Republic, and Russia have become less segmented. It is found that in the cases of Poland and Hungary, a significant movement towards market integration has been achieved, with Hungary becoming integrated the most rapidly. Also, some reduction in market segmentation was experienced by the Czech Republic. Very little movement away from segmentation was exhibited by the Russian equity market overall, although it does appear to experience short bursts of increased integration. Further, Cristiana Tudor (2009) studies the Romanian stock market over the period [2002] [2003] [2004] [2005] [2006] [2007] [2008] and the results suggest that although firm-specific financial indicators are important risk factors and help explain time-variation in Romanian common stocks returns, global risks are also conditionally priced.
Finally, Kamal Smimou (2010) shows that, although the Euro market integration has increased inter-country correlations, it does not preclude gains from international diversification, which partially rely on the non-Eurozone countries for an optimal portfolio in a mean-variance framework.
In conclusion, the majority of empirical findings attest that over the last decades international stock markets have become increasingly interdependent. In addition, the role of the US market worldwide is dominant, and the evolution of US stock indices has an important impact on the majority of financial markets.
Data
The data for this study was retrieved from Morgan Stanley Capital Indices -Barra and consist of daily stock market index closing prices (dollar denominated) from six CEE stock markets; namely, the stock exchanges from the Czech Republic, Hungary, Bulgaria, Poland, Russia and Romania. We also collected data on the US stock market, given its proven determinant role at a global scale. Similar to Brian M. Lucey and Svitlana Voronkova (2008) , we use MSCI indices as they are designed to be directly comparable across national exchanges, compiled on a value-weighted basis of freely investible shares. The MSCI Global Standard Indices include large and mid cap segments and provide exhaustive coverage of these size segments. The indices target a coverage range of around 85% of the free float-adjusted market capitalization in each market. MSCI defines the free float of a security as the proportion of shares outstanding that are deemed to be available for purchase in the public equity markets by international investors. As far as the US equity market is concerned, MSCI includes in the eligible US equity universe all listed equity securities of US incorporated companies listed on the NYSE, NYSE Arca, AMEX, and the NASDAQ, except investment trusts (other than REITs), preferred REITs, mutual funds (other than Business Development Companies), equity derivatives, limited partnerships, limited liability companies and business trusts that are structured to be taxed as limited partnerships, and royalty trusts.
The sample period extends from January 2, 2006 to March 31, 2009 and therefore includes 847 observations for each series. Similar to Mardi Dungey et al. (2007), we consider that the extension of the sample period to include a longer period before the 2007-2009 crisis years would complicate estimating the model as it would involve including additional regimes and could affect the results. We subsequently take the natural logarithm of the daily closing values and daily returns are computed as the first differences of the log-transformed series in the following manner:
Further, as different sample periods could result in contradictory findings, particularly when a crisis arises we split the sample into two sub-samples to capture possible time-variant stock market integration in the CEE area before and during the 2007-2009 global financial crisis. The choosing of the moment that delineated the starting point of the crisis on international stock markets must be conducted with care.
The Starting Point of Crisis Manifestations on International Stock Markets
The ongoing financial crisis has its roots in the US house bubble that peaked in 2006, when many lenders offered mortgages with low rates to borrowers that were not qualified to repay them or requesting very light fulfillment criteria (so-called subprime loans). Beginning in early 2007 and accentuating in the second half of 2007, these sub-prime lenders started to collapse, after their borrowers failed to meet their payment obligation. This situation immediately developed into the so-called "Credit Crunch" (defined as "a severe shortage of money or credit"), caused by the lack of trust of major banks to continue to provide funds amongst each other. The US real estate sector reached a peak in 2006 and the beginning of 2007, but the trend reversed violently after that point, a development that was closely linked to the unfolding of the financial crisis. Hence, although many authors use the Lehman Brothers' collapse in September 2008 as the event which reflects the beginning of the crisis on international financial markets, we have seen that a more thorough investigation shows that the manifestations of the crisis started long before that moment. Following the above investigation, we chose the beginning of July 2007 as the moment when the global financial crisis began to show its full manifestations on international stock exchanges. The choice of the crisis dates is clearly partly subjective and is further complicated by the occurrence of many events over a relatively short period. In the event that the structural break is known, as is the case in the event of a global crisis, a standard approach is to sub-sample both sides of the break. Anthony H. Tu (2000) also used this approach for examining stock market data before and during the Asian financial crisis. Their research suggested that stock markets were not cointegrated before the crisis of 1997, but that there was some degree of cointegration during the crisis. Like the case in our present study, Sheng and Tu (2000) prejudged the sampling break -a procedure that may have affected their results. Because failing to consider possible structural breaks in one or more series can affect the results and the dating of the regimes is important in identifying the parameters of each regime, a future research study could use a longer time span for the data series and could follow Pierre Perron (1989 Perron ( , 1994 for identifying potential break dates in the series and in this way investigating longer-term stock markets interrelations. Table 1 confirms that there was indeed a structural break in our time series after the second trimester of 2007. The distributions of stock returns in the pre-crisis period (Panel A) are generally slightly leptokurtic (with the exception of Hungary and USA stock indexes) and present negative skewness, while during the crisis (Panel B) all distributions became strongly leptokurtic and positively skewed. As expected, mean returns decreased significantly during crisis, while volatility accentuated. The markets that were most affected by the crisis in terms of difference in mean returns between the two sub-samples are the Hungarian, Polish and Romanian stock markets, while the least affected were the Czech and the Russian markets. Market volatility, as represented by the standard deviation of returns, increased the most on the Bulgarian and Romanian stock exchanges. 
Descriptive Statistics

Correlation Analysis
A simple investigation of the correlation matrix between index return series can provide important information for the subsequent Granger causality tests. The correlation coefficients of daily stock market returns for the two sub-sample periods are reported in Table 2 . The correlation coefficients for the pre-crisis period are relatively low (Panel A), in particular in the cases of Romania, Bulgaria and USA, which do not seem to be correlated with other markets in the sample, or amongst each other. Some linkages appear to exist only among stock markets in Czech Republic, Hungary, Poland and Russia in the pre-crisis period. The situation changes dramatically during crisis times, when all correlation coefficient increase significantly and stock markets become strongly interconnected (see Panel B). Even the three markets which moved independently before the crisis (Romania, Bulgaria and USA) are now correlated with the others. For example, the correlation between stock exchanges from Bulgaria and Romania increased from 0.11 before crisis to a strong level of 0.94 during crisis. The correlation between the US market and the six CEE markets also increased significantly in the second sub-sample, while the four markets that showed important linkages before the crisis (i.e. Czech Republic, Hungary, Poland and Russia) seem to move almost identically during crisis time.
PANOECONOMICUS, 2011, 4, pp. 525-543 The above results provide insight that the correlations between the seven stock markets increased sharply during the crisis, information which should also be attested by Granger causality tests. Further, we implement unit root tests to examine whether the log-transformed stock market indices are stationary (not reported). Using a 0.05 significance level, the Augmented Dickey-Fuller (ADF) tests as well as the PhillipsPerron tests suggest that all series are integrated at level I(0). Finally, and most importantly, the ADF-test results for the two sub-periods (pre-crisis and crisis) also indicate that all indices in both sub-periods are stationary in the level, therefore we have no restrictions in conducting Granger causality tests on our dataset.
Method
Granger Causality Test
Testing causality, in the Granger sense, involves using F-tests to test whether lagged information on a variable Y provides any statistically significant information about a variable X in the presence of lagged X. If not, then "Y does not Granger-cause X." In other words, a variable Y is said not to Granger-cause a variable X if the distribution of X, conditional on past values of X alone, equals the distribution of X, conditional on past realizations of both X and Y. If this equality does not hold, Y is said to Granger-cause X. If Y can predict future X, over and above what lags of X itself can, then Y Granger causes X.
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We test for Granger causality by estimating the following VAR models for each pair-wise combination of stock returns series (Clive W. J. Granger 1969): If the null hypothjesis is rejected from both cases, it is said that there is a feedback relationship between X and Y.
As Granger causality test results are very sensitive to the number of lags chosen, we first run the models with 20 days as maximum lag length and we further implement a lag-length test.
Impulse Response Analysis
Finally, we investigate the short-term causal relationships among the six CEE stock markets and the US stock market by implementing generalized impulse response analyses in the two sub-periods. As in Huyghebaert and Wang (2010) , we explore the effects of a one unit shock rather than a one standard deviation shock, to account for the changing volatility of stock returns over time. By definition, an impulse response function traces the effect of a one-time shock to one of the innovations on current and future values of the endogenous variables. A shock to the i-th variable not only directly affects the i-th variable but is also transmitted to all of the other endogenous variables through the dynamic (lag) structure of the VAR.
If the innovations ε t are contemporaneously uncorrelated, interpretation of the impulse response is straightforward. The i-th innovation ε t,i is simply a shock to the ith endogenous variable y t,i . Innovations, however, are usually correlated, and may be viewed as having a common component which cannot be associated with a specific variable. In order to interpret the impulses, it is common to apply a transformation P to the innovations so that they become uncorrelated:
, where D is a diagonal covariance matrix.
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Empirical Results
Causal Relationships among CEE and the US Stock Markets
For the pre-crisis period, the Granger causality test results suggest that the exchanges from USA and Russia are two interactive markets, as the US stock market Granger causes the Russian market while the Russian stock index also leads the US stock market index, and this bilateral causality is significant at 1% and 5%, respectively, being stronger from the American stock market to the Russian one. Other interactive pairs of stock exchanges in the pre-crisis period are Romania-Hungary and RussiaHungary. When considering the overall role of the US market in the analyses, we observe that it leads the Bulgarian, Czech, Hungarian, Polish, and Romanian stock markets while only the Russian market has some marginally leading effect (as stated earlier) on the US market in the pre-crisis period, suggestion a leading role for the Russian market in the CEE region before the crisis. For the crisis period, results reveal that causal relationships have increased during the 2007-2009 global financial crisis. Bilateral causality is now present between stock market in Hungary-Bulgaria, USA-Bulgaria, USA-Czech Republic, USA-Romania and USA-Russia, while strong unilateral causality is found from Romania to Bulgaria, from the Czech Republic to Hungary, from Romania to the Czech Republic, from Poland to Hungary, from Romania to Hungary, from Russia to Hungary, from Romania to Poland. In other words, results suggest that the linkages among CEE stock markets are generally larger during the crisis than before. Considering only the interactions between the CEE region and the USA, we find that during the crisis this linkages have become generally bi-directional, and the evolution of Central and Eastern European stock markets is more often reflected in the subsequent evolution of the US stock exchange. Table 3 reveals the Granger causality test results between each pair of markets in our dataset for the two sub-periods. To sum up, Granger causality tests, as well as the correlation analysis point out that the stock markets in the CEE region have become increasingly integrated in recent years, reflecting this geographical area's increased importance in the European and in the world economy. Also, before the crisis, CEE markets were significantly influenced by innovations in the USA market, thus explaining why they were affected heavily by the crisis, which managed to spread immediately in the region.
Short-term Interdependencies between CEE and the US Stock Markets
Finally, we investigate the short-term causal relationships among the seven stock exchanges in our data sample (six CEE and the US stock markets) by implementing a generalized impulse response analysis in the each of the two predefined sub-periods. As previously mentioned, we explore the effects of a one unit shock rather than a one standard deviation shock, to account for the changing volatility of stock returns over time. Table 4 presents the results. It is found that before the crisis, the CEE markets that responded the most to innovations on the US stock markets were Bulgaria, Poland, Romania and Russia (in this order), while during crisis the countries remained the same, but the order of innovations intensity changed in the following manner: Poland, Russia, Bulgaria and Romania.
Further, regarding the six European stock markets, we observe that Russia and Romania are two interactive exchanges in the pre-crisis period as well as during the global financial crisis. The Bucharest stock market reacts to innovations in the Russian market by 0.27 and 0.44, respectively on the first day before and during the crisis. On the other hand, the stock market in Moscow responds by 0.23 and 0.31, respectively to a one unit shock in Bucharest. In addition, during the crisis, lagged responses of the stock markets from Bulgaria and Poland to shocks in the Czech Republic became stronger, as well as responses from Hungary and Poland to innovations from Romania. Responses in the CEE region to shocks on the US market are generally strong in the pre-crisis period, while they lose intensity during crisis. Overall, we find no other major interdependencies amongst stock returns in our data sample. While these results confirm some of the previous results of Granger causality tests, the other causal relationships encountered earlier are no longer valid, suggesting that long-term linkages are not visible when studying the short-term dynamics of stock exchanges.
Conclusions
This paper investigates interdependencies among six selected stock exchanges in the CEE region, while also considering their linkages with the USA market. As major economic events can influence the relationships among stock markets, we pay special attention to the effects of the 2007-2009 global financial crisis. Thus, we split the sample into two sub-samples to capture possible time-variant stock market integration in the CEE area before and during the crisis, while paying special consideration to finding the moment that delineated the starting point of the manifestations of the crisis on international stock markets. Descriptive statistics showed that the markets that were most affected by the crisis in terms of difference in mean returns between the two sub-samples are the Hungarian, Polish and Romanian stock markets, while the least affected were the Czech and the Russian markets. Also, market volatility, as represented by the standard deviation of returns, increased the most on the Bulgarian and Romanian stock exchanges. Further, in line with previous findings in the literature, a simple correlation analysis revealed that all stock markets move together during crisis, while in the pre-crisis period the markets were fragmented, some linkages appearing only among stock indexes from the Czech Republic, Hungary, Poland and Russia. Results of the Granger causality tests also confirm that the interdependencies among CEE stock markets are generally larger during the crisis than before, and also that the relationships between CEE markets and the US market became generally bidirectional. We also find that in the pre-crisis period the US stock market leads the Bulgarian, Czech, Hungarian, Polish, and Romanian stock markets while only the Russian market has some marginally leading effect on the US market, suggestion a leading role for the Russian market in the CEE region before the crisis. This outcome was expected in view of the prominence of the Russian economy within the region.
In the end, a generalized impulse response analysis confirms the overall dominant role of the USA market on the CEE exchanges in the pre-crisis period, while its impact seams to have decreased during crisis. Also, before the crisis, CEE markets were significantly influenced by innovations in the USA market, thus explaining why they were affected heavily by the crisis, which managed to spread quickly in the region.
As expected, all conducted tests confirm the strong interrelations between the CEE stock markets during crisis, which in turn implies that the diversification benefit from investing across all six countries disappears during financial turmoil. Nevertheless, the strong interdependencies which are present during crisis do not necessary imply that CEE economies henceforth share the same long-run equilibrium relationship. Whether these crisis interdependencies also translate into increased stock market integration at a regional level in the long run remains to be seen, and could make the subject of a future research by introducing a post-crisis data sub-sample in the analysis. This extension of the study is particularly interesting given its possible implications for policy makers. As Bekaert and Harvey (1995) have noted and Jian Yang, James W. Kolari, and Insik Min (2003) have underlined, previous research assumes that stock markets are perfectly integrated, perfectly segmented, or partially integrated, where in the latter case the degree of integration is constant over time. Nevertheless, both Bekaert and Harvey (1995) and Yang, Kolari, and Min (2003) have empirically proved that this assumption does not hold and that stock market integration can be time variant. If indeed CEE stock markets prove that after crisis they are no longer isolated by national borders, this implies that financial market surveillance in the CEE area should not be confined at national level, which in turn will raise new challenges to the European Union as a whole.
